in PBS by centrifugation at 500×g for 5 min, and then secondary antibody was added re-suspended in 0.5 mL PBS for analysis by flow cytometry. Cells were examined by immunofluorescence staining after 3 days of culture for
GFRα1, a marker for SSCs [29] , after 7 days of culture for Stra8 (Abcam Inc.,
Cambridge, MA, USA, ab49602), a marker for differentiated spermatozoa, and after 9 primary antibody (diluted 1:200) was added to the solution and incubated for 4 h.
Slides were rinsed twice and washed three times with PBS for 5 min. Secondary
antibody (1:500) was incubated for 1 h at room temperature, followed by the same 1 6 2 PBS washes, and nuclei were stained with DAPI. Cells cultured for 9 day were manufacturer's protocol. Testis samples from 2-month-old pigs were fixed with 4% paraformaldehyde. The sections and stained using hematoxylin and eosin (H&E) for histological analysis of washing three times with PBS, the slides were incubated in PBS containing 1% BSA solution respectively. After 4 h of incubation, the secondary antibody was applied for 1 7 5 1 h. Staining was visualized using a DAB substrate kit. Intracytoplasmic microinjections
Ovaries were collected from a slaughterhouse. Cumulus cells and cumulus-oocyte that included 10% FBS TCM-199 (Gibco), 10 ng/mL epidermal growth factor, 10% injection needle, and then spermatids were injected into the cytoplasm of oocytes.
Intracytoplasmic injection was finished within 1 h after activation. Recovered
couplets were transferred into development medium, porcine zygote medium (PZM-3),
for recovery at 38°C and 5% CO 2 for 30 min, and then activated with 10 μ g/mL 1 9 2 cycloheximide and 10 μ g/mL cytochalasin B for 4 h. After activation, reconstructed
embryos were cultured at 38°C in 5% CO 2 for development, and the development of double pronuclei in reconstructed embryos was observed by lichen red staining, and
blastocysts were observed on day 7.
Statistical analyses
All experiments were repeated at least 3 times. One-way ANOVA was used to statistical significance between the relative groups. Statistical analysis was conducted were expressed as mean ± SEM. Differences were considered to be significant when 2 0 2 P < 0.05. The hematoxylin and eosin-stained sections of 2-month-old porcine testis revealed the Sertoli cells, free but close to the surface of Sertoli cells ( Figure 1D ). Thereafter, observed ( Figure 1G ). Expression levels of GFRα1, PGP9.5, PLZF and NANOS2
transcripts were significantly higher on day 5 compared with day 3 of incubation 2 1 7
( Figure 1H ), and simultaneous flow cytometric analysis identified UCHL1, GFRα1
and CDH1 protein expression in the culture system ( Figure 1K ). gene Stra8 and c-kit was also significantly higher in the RA group than that in M 2 2 4 group (P < 0.05), indicating that RA may promote the expression of Stra8 and c-kit
through its receptor ( Figure 2B ). Expression of NANOS2 and GFRα1 mRNA levels was reduced in the RA group compared with the before induction (P < 0.05). Reduced
expression of PLZF mRNA was also found in the RA-treated relative to the M group 2 2 8 (P < 0.05), however, there was no significant difference compared with the control of Stra8 in meiotic spermatogenic cells. 3A and B) (Supplementary movie) was observed on day 9 of incubation.
3 7
Immunofluorescence showed some cells in the culture system expressed round
spermatid-specific acrosin ( Figure 3C ). Ploidy analysis revealed that the haploid 2 3 9
efficiency of the M + RA-96h group was 5.3 ± 0.83 % higher than that of the M + 2 4 0 RA-48h group and M group ( Figure 3D and Table 2 ). At the later stage of meiosis,
Tnp1 and Prm1 were expressed at significantly higher levels in the M + RA-96h
group than in the other groups ( Figure 3E and F). There was no significant difference The expression of RARγ mRNA was significantly lower in the RAR inhibitor cell expression of CREB through its specific receptors ( Figure 4D ).
5 7
The cultured porcine haploid spermatozoa exhibit developmental potential
Cultured pig round spermatids were injected into metaphase II-stage oocytes ( 5A and B). Injected oocytes formed double-pronuclear reconstructed embryos, as shown by orcein staining (Fig. 5C) , and further developed to cleavage and blastocyst 2 6 1 stages (Fig. 5D ). The rate of blastocyst injection (14.62 ± 3.12%) was significantly 2 6 2 lower than that of single sperm injection group (24.60 ± 2.75%) (P < 0.05), but had no 2 6 3 significant difference with the in vivo round sperm group (16.36 ± 2.25) ( Table 3) .
These findings indicate that the culture-derived pig spermatid with single flagellum 2 6 5 had developmental potential in vitro. [39], which maintains SSCs in an undifferentiated state. In addition, RA directly promoted the expression of Stra8 in meiotic spermatocytes, and also downregulated 2 9 2 the expression of CYP26B1, and promoted the initiation of meiosis. The formation of mature sperm is associated with RA. In RARα knockout mice, the first wave of spermatogenesis is blocked at step 8 spermatids, but can be rescued by is differentially regulated in various cell types. The cAMP responsive element In this study, we successfully used the in vitro culture model of porcine small supports more efficient spermatid differentiation and sperm production. Table   Table 1 Primer sequences. 
